The growth of the algae strains Chlorella vulgaris, Botryococcus Braunii and Scenedesmus sp. under mixotrophic conditions in the presence of different concentrations of crude glycerol was evaluated with the objective of increasing the biomass growth and algal oil content. A high biomass concentration was characteristic of these strains when grown on crude glycerol compared to autotrophic growth, and 5 g/L glycerol yielded the highest biomass concentration for these strains. Mixotrophic conditions improved both the growth of the microalgae and the accumulation of triacylglycerols (TAGs). The maximum amount of TAGs in the algal strains was obtained in the 5 g/L glycerol growth medium. The fatty acid profiles of the oil for the cultures met the necessary requirements and are promising resources for biofuel production. -33-647-7535 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Introduction
glucose and acetate under both mixotrophic and heterotrophic conditions. It can be concluded 26 from the above that mixotrophism is an ideal nutritional mode for high density cultivation of 27 microalgae for the production of biofuels and functional components. However, even though 28 the biomass and lipid productivities are significantly higher compared with those from 29 authotrophic growth, the cost of the organic carbon sources (usually in the form of glucose or 30 acetate) is high when compared against all other added nutrients. To overcome this high 31 carbon cost, a cheap resource must be found. Crude glycerol, which is derived from biodiesel 32 production process, is capable of providing such a supply. As biodiesel production continues 33 to increase, the market is being flooded with crude glycerol [14] . Crude glycerol prices have Recently, a process using crude glycerol as a substrate for the fermentation of the 39 microalga Schizochytrium limacinum was developed. The oleaginous Schizochytrium 40 limacinum can produce significant amounts of total lipids and docosahexaenoic acid, 41 particularly when grown on a variety of carbon sources, such as glucose, glycerol or fructose 42 [17, 18] . The above findings suggest that biodiesel-derived crude glycerol is a potential 43 substrate for the mixotrophic cultivation of oleaginous microalgae to utilize crude glycerol 44 and reduce the production cost of microalgal biodiesel. However, there are few reports 45 examining the effects of crude glycerol, particularly on biomass production and algal cell 46 components under mixotrophic conditions. In this study, the effects of various concentrations 47 of crude glycerol on the biomass growth and oil content of Chlorella vulgaris, Botryococcus
48
Braunii and Scenedesmus sp. under mixotrophic conditions were evaluated. 
Materials and Methods

51
Microalgae Cultures and Medium
52
The investigated microalgae isolated from KMCC (Korea Marine Microalgae Culture Center). 53 The A schematic diagram of the OPPBR is shown in Fig. 1(a) . The OPPBR was operated at a 15- The characteristics of the OP are listed in In this study, a v-cut OP ( Fig. 1(b) ) was designed. This was used to evaluate and assess the concentration, a sample of microalgae in growth medium was centrifuged for 10 min at 628 g, 116 washed with distilled water and then dried in an oven at 105 °C for 24 hr to a constant weight.
117
The biomass productivity P (g/L/day) was calculated from the variation in biomass 118 concentration (g/L) within a cultivation time (in days) according to the following equation:
120
The specific growth rate µ (in days) was calculated using Eq. (2) 
Total Fatty Acids in Algae Species
242
The total TAG (triacylglycerols) content using the different glycerol concentrations are 243 represented in braunii, respectively, which were higher than the autotrophic culture.
275
The lipid content and effectiveness of microalgae growth for biodiesel production are 
Composition of Total Fatty Acids
288
The fatty acid profiles of the algae oil are shown in 
